This study examines how the Fortune 500 use transactional public Web sites (TPWS). It applies innovation diffusion theory to identify variables and construct a model to explain differences in adoption rates of TPWS across industries. The study finds high rates of TPWS adoption in the airline, computer and office equipment, commercial banking, and retailing industries. The study also explains why the rates of TPWS adoption vary across different industries. Characteristics of both the innovation and the industry's environment affect TPWS adoption. A high level of TPWS adoption is associated with industries where: products, services, and sales processes "fit" electronic transactions, the level of price competition is extreme, competitors are aggressively adopting the same technology, and firms are experienced with related technologies and have already developed the necessary information technology infrastructure. The study is significant because it identifies the specific innovation and environmental characteristics that drive varying rates of TPWS adoption among large firms across different industries.
Introduction
The Internet is gaining attention, in part, because of how it facilitates electronic transactions between trading partners within a supply chain. Initially, the Internet was simply a means of information sharing across a packet switched network. The addition of the Web dramatically improved information sharing because content could now be easily generated and accessed from anywhere by almost any device. Commercial use increased rapidly as companies established a Web presence. Firms quickly moved past informational sites that merely provided product brochures and electronic versions of annual reports, and built transactional Web sites for functions such as taking orders or performing financial exchanges. Some public transactional Web sites now act as front ends for corporate extranets that require trading partner (e.g., supplier or customer) login before accessing extranet functionality; others are used for front-facing, business-toconsumer transactions (e.g., for making a travel reservation). However, more advanced applications such as supply chain management and customer relationship management have been slow to develop (Hof and Hamm 2002) .
This study uses innovation diffusion theory to develop an explanatory model for the adoption of a specific innovation -a transactional public web site (TPWS). The study's objective is to explain industry-level differences in the usage of TPWS. The following sections review previous transactional Web site and innovation diffusion studies, propose a model to explain TPWS adoption within an industry, describe the study, discuss the findings, apply the model, and suggest directions for future research. The study is distinctive because it is one of the first to employ innovation diffusion theory in the context of the Web, specifically relating to supply chain activities. It derives explanatory variables from the innovation diffusion literature and supports those variables through an analysis of cross-industry data, which explain why certain industries are more active adopters than others of TPWS. The data were collected as part of a largescale examination of corporate public Web sites.
Transactional Public Web Sites
Recent studies have examined transactional usage of public Web sites as a means of interacting with trading partners along a supply chain. Berthon et al. (1996) described the process of transforming Web site visitors from browsers to purchasers at business-to-business Web sites. Liu et al. (1997) examined the home pages of the Fortune 500 and classified site usage by industry. They found that 64 percent of the Fortune 500 had a Web site; however only 26 percent of those firms conducted transactions through the site. Of the top 100 U.S. retailers, only 20 percent did on-line selling through a corporate Web site (Griffith and Krampf 1998) . A survey of Fortune 500 Webmasters found that nearly 34 percent of the sites generated revenue through some form of trading partner transaction (Gardner 1998) . Young and Benamati (2000) found product sales or financial transactions to be a major content category on Fortune 500 Web sites, along with customer service, communications (e.g., e-mail), and other information, such as job opportunities and financials. In a study of 250 Fortune 500 Web sites found that the sites are often used for technical support, and also for marketing and promotions. Content related specifically to trading partners on Fortune 100 public Web sites includes: expectations about what the firm purchases, how business is to be conducted, how to become a supplier, and diversity programs for small, minority, and women-owned businesses (Young 2001) . These prior, Web-based studies show that the Fortune 500 are a frequent source of data for research related to how public Web sites support trading partner transactions.
Previous Innovation Diffusion Research
Diffusion theory is applied often to explain innovation adoption. Rogers (1995) identified variables that influence the rate of innovation adoption. Tornatzky and Klein's (1982) meta-analysis correlated innovation characteristics with adoption and implementation. Rogers (1995) , Hage and Aiken (1970) , and others have identified variables internal and external to an organization that affect its level of innovativeness.
Rogers ' (1995) work is used to explain innovation adoption decisions. He defines an innovation as an idea or practice that is perceived as new by an individual or organization. Organizational innovation studies similarly define an innovation as the first or early usage of an idea by an organization (Nord and Tucker 1987) , placing emphasis on newness or first usage (Kimberly 1981) . Firms may also copy innovations from other organizations (Hage and Aiken 1970) .
This study employs innovation diffusion theory because it is so widely accepted and heavily validated, especially for research, such as this, that focuses on innovation adoption. Other approaches to explaining innovation adoption and implementation, such as process analysis, have received much less acceptance and have met with only limited success (Wilkins et al. 2000) .
IS Diffusion Studies
Information systems (IS) researchers frequently apply diffusion theory. ing technology adoption to a recent innovation in electronic trading partner interactions, Web-based transactions across a supply chain.
The list in Table 1 shows that diffusion theory has facilitated study of many different forms of information technology (IT) and has enabled examination of individual, organizational, and cross-industry IT adoption decisions. Studies have noted the importance of individual (e.g., status, media exposure), organizational (e.g., centralization, size), environmental (e.g., competitive pressure, industry concentration), and innovation (relative advantage, complexity) characteristics in the innovation diffusion process. These four categories of variables influence technology adoption. Similar categories of diffusion variables appear in various IT studies, including Daft (1982) , Kimberly (1981) , and Kwon and Zmud (1987) .
This study examines innovation characteristics and environmental variables that suggest why certain industries more actively adopt TPWS than others. Its focus is on characteristics of the innovation (TPWS), and relevant aspects of the industry (the environment), instead of organizational or individual characteristics.
Organizational characteristics include resources such as firm size, which influence innovation adoption (Daft 1982 , Kimberly 1981 , Moch and Morse 1977 . The Fortune 500 firms in this study were all relatively large; therefore size was less a determinant of adoption. Other organizational characteristics, such as complexity, formalization, and centralization or decentralization were not measured because the study focuses on adoption at the industry level (i.e., the percentage of firms in a given industry to adopt TPWS), rather than by individual firms. Likewise, characteristics of individual adopters were not examined because a TPWS reflects the firm's objectives (e.g., response to competitors in the same industry), not the interests of one individual.
Innovation Characteristics
Innovation characteristics are aspects of a TPWS that lead to its adoption. Rogers (1995) identified five innovation characteristics that affect the rate of adoption: relative advantage, compatibility, complexity, observability, and trialability. Of these, compatibility, the extent to which an innovation is consistent with an organization's values, experience, or needs (Rogers 1995) and is congruent with existing practices (Tornatzky and Klein 1982) , should positively influence TPWS adoption. For example, as compelling as TPWS are, the "fit" or compatibility of a product or service to a Web-based transaction is a prerequisite for adoption. A product or service transaction that is a poor fit for the Web is unlikely to occur electronically. Someone with a medical problem will trust a doctor more than information from the Web. These transactions remain face-to-face because of this lack of trust and the need for the "customer" to be physically present for the examination. A stock purchase or bank account transfer, however, fits an electronic transaction extremely well. Compatibility was a significant factor in industry-level technology diffusion studies by Grover (1993) , Lai (1997) , Premkumar et al. (1994) , and Ramamurthy and Premkumar (1995) .
In contrast to compatibility, complexity -the degree of difficulty experienced in using the innovation (Kwon and Zmud 1987, Rogers 1995) , negatively influences adoption. Complexity has been inversely related to adoption and implementation in cross-industry technology diffusion studies (Grover 1993 , Premkumar et al. 1994 , Lai 1997 . The users of TPWS are both employees and trading partners. If Web transactions are not simple and intuitive, the likelihood of adoption by the firm and its trading partners is reduced. In short, compatibility and complexity are innovation characteristics that may influence TPWS adoption and must be considered when examining this innovation.
The other three innovation characteristics identified by Rogers (1995) , observability, trialability, and relative advantage, are likely to affect TPWS adoption equally across firms and therefore are less interesting in this study. Observability is the degree to which the results of an innovation are visible to others. Observability will not be a differentiator of TPWS adoption because public Web sites are inherently observable by all. Additionally, organizations are equally able to experiment with these sites and the technology used to develop and implement transactional Web sites (e.g., application server software, middleware, XML, active server pages) is widely available. Hence trialability, the degree to which an innovation may be experimented with, probably influences TPWS adoption equally across firms. Finally, replacing a paper based, or face-to-face, or telephone interaction with a TPWS is advantageous for all adopters, because all are experiencing the same form of technology upgrade. Hence, the influence of relative advantage, the degree to which an innovation is preferable to the existing method, should also be similar. Relative advantage has also been criticized as an innovation variable that is too broadly applied (Tornatzky and Klein 1982) .
Environmental Characteristics
Environmental variables, those outside the firm's control, appear frequently in adoption studies. Hage and Aiken (1970) found that environmental factors help explain organizational change. Zaltman et al. (1973) described how an organization interacts with its changing environment. Kimberly (1981) noted that complex environments encourage innovation adoption to cope with uncertainty. Environmental change and uncertainty create organizational stress that necessitates a response and may lead to the adoption of specific IT innovations.
Hence, environmental variables influence IT adoption. Utterback (1971) found that a firm's success in implementing technical innovations was related to characteristics of its environment. Premkumar et al. (1994) noted that competitive pressure is a determinant of EDI adoption. Grover (1993) determined that competitive intensity, customer power, and adoption by others in the same industry affect the usage of customer-based inter-organizational systems (IOS). A cross-industry study by Ramamurthy and Premkumar (1995) concluded that competitive pressure is a determinant of technology adoption. Imitation and communication among competitors in the banking industry affected the adoption of ATMs (DosSantos and Peffers 1998). Grover and Goslar (1993) found that the adoption of telecommunication technology is determined, in part, by environmental uncertainty (the level of heterogeneity, rate of change, and competition) in an industry.
Technological innovativeness increases with previous investments in -and successes with -information technology by a given firm, or across an industry. When examining technological innovations Rogers (1995) found that experience with one innovation or technology influences perceptions of the next innovation. Previous IS experience was a determinant of banking innovation adoption (Nord and Tucker 1987) . DosSantos and Peffers (1998) suggested that electronic commerce technology would be adopted in the banking industry because competitor success will force other banks to follow as they did with ATMs. Grover (1993) found that IT infrastructure, including databases and telecommunication equipment, was related to the adoption of customer-based IOSs. Prior experience creates a base from which to experiment with new technology innovations. For example, experience with proprietary electronic data interchange (EDI) systems can prepare firms for Web/XMLbased information transfers with their trading partners.
In summary, environmental variables that have been found to affect the adoption of technology innovations by firms within an industry include the degree of competitiveness (i.e., competitive pressure, competitive intensity, rate of change), the level of technological change marked by competitor adoption, and prior experience with similar technology innovations. These three environmental variables may affect TPWS adoption.
A Model for Transactional Public Web Site Adoption
This study develops a model based on prior innovation diffusion research to facilitate understanding of industry differences in the rate of TPWS adoption (Figure 1 ). An industry's rate of innovation adoption is measured by the percentage of firms in that industry using the innovation. The usage of the percentage of firms in a given industry to adopt TPWS is compatible with Rogers' adoption curve that measures the percentage of those in a given population to adopt a specific innovation. In addition, other technology innovation adoption studies have measured the number or percentage of adopters in an industry, including Dos Santos and Peffers (1998), Zmud and Apple (1992) , and Premkumar, et al. (1994) . For this study, the population of interest are firms within each industry that have, or have not, adopted a TPWS.
The model's independent variables are innovation and environmental characteristics that lead to varying TPWS adoption rates -the dependent variable -across different industries. This section briefly describes the model and these variables.
Innovation compatibility is the extent to which an innovation is well suited to an organization's needs (Rogers 1995) , and existing practices (Tornatzky and Klein 1982) . Industries whose products, services, or customer interactions are readily adaptable to TPWS will more likely adopt them. Compatibility was a strong predictor of customerbased inter-organizational system (IOS) adoption (Grover 1993) and public Web sites are a contemporary form of IOS.
Complexity, the level of difficulty implementing and using TPWS, inhibits adoption. The likelihood of adoption is reduced if Web transactions complicate operations. For instance, firms with logistics systems designed for truckload rather that single-item shipments might refrain from Webbased consumer sales. Grover (1993) found that perceived complexity inhibited the adoption of customer-based IOSs. Conversely, if the Web is a natural extension of current customer or channel interactions, such as those of a catalog retailer, complexity is reduced and those firms will rapidly adopt TPWS.
The environment influences innovation adoption, and a firm's industry and competitors are part of its environment. The three environmental variables identified earlier are applicable to this study. The first is competitive intensity. Firms in extremely competitive industries (e.g., as marked by extreme price competition or by the sale of commodity products) adopt new innovations to gain competitive advantage, reduce operating costs, or meet strategic goals (Premkumar et al. 1994 ) and they allocate more resources for innovation (Grover 1993) . Competitive intensity positively influences innovation adoption (Grover 1993; Premkumar and Roberts 1999) .
Mandated need means that as competitors adopt an innovation it becomes likely that others in the industry will also adopt it. For example, banks were more likely to adopt ATMs if competitors had (DosSantos and Peffers 1998; Hannon and McDowell 1987) . Competitor adoption can make an innovation a strategic necessity (Grover 1993; Premkumar et al. 1994) . Similarly, firms often mimic each other's technology innovations (Lee 1998 ). Finally, large or influential trading partners can demand that its suppliers adopt a particular technology (as done in the past with EDI), thus mandating a need for others in a given industry to use that technology.
Finally, previous experience evidenced by in-place IT infrastructure positively influences innovation adoption (DosSantos and Peffers 1998; Grover 1993; Nord and Tucker 1987; Rogers 1995) . TPWS may provide front-facing trading partner links through capabilities such as online order processing and customer service. Hence, having experience with prior front-facing systems in an industry should positively influence TPWS adoption.
This model provides two categories of theory-based variables that suggest why certain industries are more active adopters than others of TPWS. The remainder of this paper discusses an exploratory study to test the model. The study was guided by the following propositions, which were derived from the research model:
Proposition 1: Industries with products, services, or trading partner interactions readily adaptable to the Web will adopt TPWS.
Proposition 2: Industries that experience a low-level of complexity in implementing Web interactions with trading partners will adopt TPWS.
Proposition 3: Industries where competition is intense will adopt TPWS. Proposition 4: Industries where key competitors or dominant trading partners mandate technology innovation will adopt TPWS.
Proposition 5: Industries that have previous experience with the use of information technology for channel transactions will adopt TPWS.
Methodology
The public Web site of every Fortune 500 firm was examined to determine industry differences in the adoption of TPWS. These sites facilitated the examination of transactional Web applications because of the large number of different industries represented and their public accessibility. The Fortune 500 listing categorizes organizations into the industry groupings used in this analysis. The Web site visits yielded categorical data for analysis.
Fortune 500 firms have proven to be a valuable data source in several recent Web-based studies, including Liu et al. (1997) ; and Young and Benamati (2000) . The Fortune 500 often lead in the usage of innovative information technologies (Li et al. 2001; Liu et al. 1997) . In addition, studies are beginning to emerge that examine the role of the Web in business transactions (Baron et al. 2000; Berthon et al. 1996; Lancioni et al. 2000) .
Direct visits to every Fortune 500 Web site provided a rich and complete data set because data could be collected from every firm. The breadth of the data collection in this study is in sharp contrast to survey studies where multi-page forms are mailed to prospective respondents, often resulting in response rates between 10 and 20 percent (e.g., Liu et al. 2001; Premkumar et al. 1994; and Lancioni et al. 2000) , or where only a sampling of the Fortune 500 Web sites are examined (e.g., Young 2001) .
During data collection the home page and site index were reviewed, all segments of each site were visited, and the presence or absence of transactional capabilities were noted and briefly described. A form was used to record the transactional capabilities of each Web site, and to gather descriptive data such as the firm's name and annual sales. This analysis of the transactional capabilities of the Fortune 500 Web sites applies the methods of Strauss (1987) in which data are collected and systematically analyzed, the data are categorized, and the results are integrated together. The study also follows the approach of Yin (1994) in which the researcher develops a generalization of patterns based on insights from the study rather than recognize every specific factor that exists before the study begins.
Specific information collected from each Web site via the data collection form was: the name of the firm, its Fortune 500 ranking, the Web site URL, revenue and profits of the firm, its Fortune 500 industry category, and the presence or absence of transactional capabilities on the site. Transactional capabilities meant that the site enabled visitors to order products or services (e.g., make a reservation, place an order, or carryout an on-line banking transaction).
Transactional capabilities from a public Web site can be B2C transactions (e.g., an individual accesses a bank account after submitting a personal ID number and transfers funds, or a customer purchases a book or video). B2B transactions often occur after the purchasing firm logs in to a secured section of the selling firm's Web site (e.g., a small business logs on to an office supply firm's extranet and places an order for next-day delivery). The study does not account for B2B transactions carried out over private extranet or EDI networks. This study's focus was on public Web sites, masking any back-facing supplier transactions or forward-facing customer transactions not visible from a public Web site. In addition, the study does not try to account for internal, business-to-employee transactions over secured intranet connections. Nevertheless, the public transactional capabilities of these Fortune 500 Web sites provide a significant amount of data for analysis.
Findings
The firms averaged revenues of $11.5 billion and profits of $673 million. Most (98%, 490 firms) had a public Web site and over a third of the Web sites (34.7%, 170) were transactional. Although all the firms in the study were relatively large, there was an interesting variation in adoption rates by firm size. Examining firms with sales greater that $10 billion, between $5 billion and $10 billion, and less than $5 billion roughly divides the Fortune 500 list into thirds. There is a relationship between company sales and transactional Web site usage in Fortune 500 companies ( Table  2) . As firm size increases, so does the percentage of firms offering transactions on their public Web sites. This finding strengthens the argument for using the Fortune 500 as a data source for the study. However, firm size is not considered as an adoption variable in this study because there was no examination of the Web sites of small-to-medium sized enterprises during the study. Table 3 lists industries by the percentage of firms that had TPWS. Industries represented by fewer than four firms were not considered to avoid making unsupported conclusions. The percentage of sites with transactional capabilities varied widely; the range was from just over five percent of the firms in Gas and Electric Utilities to saturation in Airlines. 
Analysis of the Findings by Application of the Research Model
Fortune 500 industries differ in their rate of adoption of TPWS. The model (Figure 1 ) elucidates causes for these differences. The following sections discuss how innovation and environmental variables influence industry-level differences in TPWS adoption.
Innovation Characteristic Effects
The model predicts that compatibility with organizational needs positively influences TPWS adoption. Compatibility implies that adoption is affected by how easily the goods or services of an industry adapt to electronic transactions. All Fortune 500 airlines have TPWS (Table 3) . Newer banking services, such as account transfers and electronic payments are becoming Web-based. Both these services are a natural fit for the Web. Securities (50.0%), Insurance (38.5%) and Diversified Financials (37.5%) also feature services compatible with Web transactions, although they have more moderate adoption rates than banks.
Retailers -Food and Drug Stores (76.9%), General Merchandisers (71.4%), and Specialist Retailers (68.2%) -exhibited high rates of TPWS adoption. The sales process for their products adapts well to electronic interaction (e.g., on-screen product viewing and ordering), as does purchasing Computer Peripherals (80%), and Computers and Office Equipment (90.9%), which supports the positive influence of compatibility on TPWS adoption, as the model predicted.
The list of industries with TPWS (Table 3) was divided into thirds, and the three groups were rated as "low," "moderate," or "high" rate TPWS adopters to facilitate analysis. Ten industry groups had a high rate of TPWS adoption. In the industries with a high rate of TPWS adoption, over 65 percent of the firms had TPWS, well above the average of 34.7% for all industries studied. Conversely, in the bottom third (industries with a low rate of TPWS adoption) less than 15 percent of the firms in each industry had TPWS, suggesting that firms in these industries are not readily adopting this innovation. Several industries had no firms with TPWS; Table 4 lists these non-adopter industries.
Some of the industries in Table 4 very likely have electronic transactions with trading partners through prior-generation EDI systems, or through Web-based extranets and Note: In order to avoid unsupported conclusions, the following industries were not analyzed because there were fewer than four firms in the group (# of firms in the group/# with transactional sites): Toys, Sporting Goods (2/2); Savings Institutions (2/2); Rubber and Plastic Products (1/1); Scientific, Photo, and Control Equipment (3/2); Computer Software (3/2); Semiconductors (2/1); Automobile Retailing and Services (3/1). Firms on the 1999 Fortune 500 listing were used to conduct the study.
Some industries with no, low, or moderate rates of TPWS adoption have products or services or sales processes incompatible with TPWS. Railroads, Building Materials and Glass, Beverages, Engineering and Construction, and Metals (all with 0%), Motor Vehicles and Parts (8%) -a low rate of adoption, and Pipelines (16.7%), Health Care (18.8%), and Petroleum Refining (26.7%) -with a moderate rate of adoption, have products or services that are incompatible with TPWS. The sales processes in some of these industries often do not involve end consumers; additionally their Web-based transactions can take place over private extranets or secured, electronic exchanges that link B2B buyers and sellers.
In industries with a low rate of TPWS adoption that do sell to end consumers, such as Motor Vehicles (8%) and Farm Equipment (14.3%), transactions are better carried out with the customer present. A consumer can use a Web site to check features and negotiate a car purchase. Some of these processes are available today, but the auto industry has been slow to adopt them, partially because this method of selling must be adapted to established dealer networks. These arguments further support the positive influence of compatibility on TPWS adoption.
Previous research indicates that information intensity, the proportion of an organization's product offering and/or value chain that is information based (Porter and Millar 1985) , influences the design of transactional capabilities into their websites . Information based products and processes are more compatible with Web-based transactions. High adoption industries (Table 3) are nearly all information intense industries. This is not the case for the low adopters.
Consumer utility billing doesn't lack compatibility, but Utilities (5.3%) is an industry with a low rate of TPWS adoption that could gain significant efficiencies with electronic billing. However, utilities need large numbers of their customers to have Internet access and to adopt two supporting technologies, electronic banking and electronic bill presentation, before the number of Web transactions will increase. Households may eventually pay more of their bills online (Richter 2000) enabling utilities to adopt TPWS in combination with electronic billing. However, before electronic billing becomes widely accepted, some complex issues must be addressed. User perceptions about electronic transaction security must change, the technology itself must be easier to use, and there has to be a compelling reason for bill payers to change their current bill paying procedures (Borths and Young 2000) .
Innovation complexity can negatively affect TPWS adoption. Some industries have dynamic and unpredictable sales processes that are difficult to automate. For example, Pharmaceuticals (10%) and Chemicals (14.3%) would have identification issues for regulated substances and face other regulation issues. Furthermore, allowing the same negotiation flexibility in the sales process online as currently exists in industries such as Engineering and Construction would necessitate very complex applications. Consortium and third-party exchanges are just beginning to offer some of this negotiation functionality using specialized vertical market software, although the prospects for these Web-based exchanges are uncertain. Conversely, Retailing, Airlines, and Banking have had some success with TPWS because of consumer interest and easy-to-use, non-complex browserbased interfaces. These industries enjoy both a high level of compatibility of TPWS with their products and services, and the transactions are not too complex for the current generation of technology or current users.
Environmental Characteristic Effects
Competitive intensity, mandated need, and prior frontfacing systems positively affect TPWS adoption. Competitive intensity is common among the industry groups identified in this study with high-rates of TPWS adoption. Industries listed in Table 3 that are marked by severe price competition include Airlines (Opperman and Cooper 1999), Computers (Anonymous 1999) , Computer Peripherals (Landriault 1999) , Networking and Telecommunications (Gohring 1999; Rohde 1999) , and retailing (Rosier 1999) . These prior studies provide additional, external validation for this study's research model. Obviously, low-adoption and no-adoption industries are competitive. For example in Beverages, Coke and Pepsi compete on price, but their products lack compatibility with Web-based transactions for consumer sales (i.e., neither firm will sell a single case of product to a consumer over the Web), demonstrating that other adoption variables, such as channel limitations, intervene. These two firms could, however, use the Web to interact with their distributors.
Price competition is a competitive weapon in some of the industries with a high rate of TPWS adoption that are listed in Table 3 . However, firms in these industries also seek alternatives to low prices, such as Web-based customer service, for differentiation. The Internet allows companies to build interactive, ongoing relationships with trading partners and thus enhance service offerings. Therefore, as predicted by the research model, competitive intensity leads companies to adopt TPWS.
While competitive intensity focuses on the level of price competition within an industry, mandated need emphasizes technology adoption by competitors within that industry. Mandated need influences TPWS adoption. In some of the industries with a high rate of TPWS adoption (see Table 3 ) direct selling over the Web is no longer a source of strategic advantage, but a competitive necessity. Computer firms, especially the personal computer segment, have been forced into direct selling over the Internet because of competitor success with the direct model. That industry now offers enhanced electronic services such as custom ordering, online order tracking, and improved after-sale service. Brick-and-mortar retailers had to respond to the direct sales model of dot-coms like Amazon. For example, initially only Dayton-Hudson's Target Stores Web site was transactional, but the firm later announced nine more transactional sites (Zeller and Anderson 1999) because of competition. These examples validate the model's supposition that mandated need positively influences TPWS adoption.
Adopting a TPWS is affected by experience with front facing systems prior to the Web. Prior front-facing systems such as airline reservation systems, dating from the 1950s (Copeland and McKenney 1988) , have now been Webenabled. The airline industry (100% transactional -see Table 3 ) is experienced with electronic reservations and introduced electronic tickets in the early 1990s (Fotos 1992; Harrar 1995) . Likewise, Commercial Banks (88.5% transactional -see Table 3 ) have long provided electronic funds transfer and other automated systems. First were the in-bank systems that tellers employed to perform customer transactions; later, ATMs allowed customers to perform their own transactions. Web-based banking is a low-cost alternative to brick-and-mortar branches. Other industries that have a high rate of TPWS adoption and prior front-facing systems are the Hotels, Casinos and Resorts' automated reservation systems and retailers' IS-supported catalog sales. Making these systems available via a TPWS is a natural progression, or extension of existing sales channels.
Therefore, this study's findings support the influence of innovation and environmental characteristics on TPWS adoption and also provide positive support for each of the research propositions listed earlier. A high rate of TPWS adoption is associated with industries where:
• products, services, and sales processes "fit" electronic transactions,
• the TPWS provides a non-complex transaction environment,
• the level of price competition is extreme,
• competitors are aggressively adopting the same technology, and
• firms are experienced with related technologies.
Implications for Managers
This industry-level analysis of Fortune 500 TPWS helps practitioners understand where their industry stands regarding this innovation. The study finds high rates of TPWS adoption in both B2C and B2B industry groups. Organizations that are evaluating the adoption of a TPWS can consider the modeled effects described in this study. Business unit managers can utilize this study to better assess the adoption of TPWS, in part, because innovation diffusion theory provides excellent explanatory power for predicting industry-level adoption of Web-based, transactional trading partner systems. TPWS are an important component of Web-based systems that support corporate supply chains.
The current best practice in industries with a high rate of TPWS adoption is to find ways the Web can augment or support existing channels for trading partner transactions by offering multiple channels for customer interaction. For example, a customer may elect to do business with a firm at a physical outlet (i.e., a store), or by using the toll-free telephone number and ordering items from a catalog, or by going to that firm's Web site and placing the order.
This study finds that different industries are experiencing varying rates of TPWS adoption. However, the dollar value of Web-based transactions is not dominant in most industries when compared to existing channels or methods for booking sales, even though many competitors may have TPWS; for two supporting examples, see the recent surveys in retailing (NRF 2000) and manufacturing (NAM 2000) . Earlier predictions of "transformational" Web technologies have not proven to be completely true in a number of industries. For instance, the amount of B2C retail business transacted over the Web is moderate compared to the number and dollar amount of transactions that occur in conventional stores. By one estimate, electronic commerce only accounts for two percent of all trade (Hof and Hamm 2002) .
Managers who implement TPWS must be aware of limitations such as existing supply channel structures. The Web provides a way to by-pass certain trading partners within a supply chain, but damaging those relationships may not offset the business gained through the Web. In addition, early adopters of TPWS have found that taking orders over the Web is sometimes the easy part; systems for taking orders must be linked to back-end production and inventory control systems, which is not always an easy task.
This study identifies a set of factors that must be considered when industries choose to adopt, or not to adopt, a TPWS. These factors are described in a series of questions:
• How can trading partner interactions be adapted to the Web in order to accomplish goals such as lower transaction costs and improved customer service?
• How can the Web be used to simplify the complexity of the trading partner interface, thus improving customer loyalty and raising the level of repeat business?
• How are Web-based trading partner interactions a tool for competitive response within an industry?
• How can Web-based trading partner interactions become one means for efficiently dealing with rapid technology innovation within an industry?
• How can an existing IS infrastructure and prior experience with electronic trading partner interactions be rapidly extended to accommodate an Internet-based economy?
In short, given the low-cost, universal interface provided by Web-based systems, firms must consider how they can Web-enable trading partner transactions. This study focuses on one aspect of those transactions -public Web sites. Other technologies currently in use that are additional components of Web-enabled transactions within a supply chain include intranets, extranets, and systems for mobile commerce.
Contribution
This study is a large scale, cross-industry analysis of the transactional uses of public Web sites by Fortune 500 firms. A model was developed based on prior innovation diffusion research to identify factors affecting the adoption of a TPWS. The model provided a base from which to create several research propositions. The Web sites of the Fortune 500 were then examined to determine industry-level differences in the rates of TPWS adoption. The primary contribution of the study is finding support for the influence of both innovation characteristics (e.g., fit with electronic transactions) and the industry's environment (e.g., prior experience with transactional IT applications) on the rate of TPWS adoption. In addition, the study is significant because it identifies the specific innovation and environmental characteristics that drive varying rates of TPWS adoption among large firms across different industries. By identifying industry-level differences the study contributes to knowledge about this innovation specifically, about innovation adoption in general, and it provides a foundation for future research into transactional usage of the Web.
Conclusion
The study finds reasons why adoption of TPWS differs across industries. The analysis was done qualitatively; future research should examine these differences more quantitatively. Questions include: "Which of the model's variables most influence TPWS adoption," and "How are the variables in the research model interrelated?"
This study is a point-in-time examination and studies of Web sites must be ongoing because of the rapid changes in the nature of electronic trading partner interactions. Future studies should use varying samples to validate the study's generalizability. Web sites of small-to-medium sized companies should be studied. The Fortune 500 sample ignored nonprofit, governmental, and international sites that may differ in transactional capabilities. This study focused on B2B and B2C transactions initiated from a public Web site. Future studies could examine private B2B links using the Web.
This study applied previous innovation research in a new setting, thus contributing to knowledge of innovation adoption. The innovation variables relative advantage, observability, and trialability were not directly applicable to TPWS adoption. Further research is needed to determine the influence of these variables on different types of Web sites.
The transactional capabilities of public Web sites are evolving rapidly, allowing companies to find innovative ways to implement them and thus compete more effectively within a given industry. This is a timely study because a May 2002 Business Week special report (Hof and Hamm 2002) suggests that electronic transactions between trading partners in various supply chains -the focus of this research -should recover and experience steady growth during the coming years. This study has examined differences that currently exist across industries in the use of public Web sites by large firms for enabling transactions within their respective supply chains. 
